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Abstract: Urinary urea nitrogen to creatinine ratios ( U U C mg/mg), urinary NT-methylhistidine to creatinine ratios 
( U N T - M H C jUmokjlimol), serum urea nitrogen concentrations (SUN mg/dl), and serum Nx-methylhistidine concentra-
tions ( N ' - M H nmol/ml) were compared with physical measures of body composition in adult female barren-ground 
caribou (Rangifer tarandus groenlandicus) from the Bathurst and Southampton Island herds during late winter. Body 
weight and U U C were used to estimate urinary urea nitrogen (urea-N) excretion in free ranging caribou. Only mean 
U U C reflected differences in fat reserves between populations. None of the biochemical indicators were directly related 
to body composition. However, elevated U U C were only observed in caribou with depleted fat reserves as demonstra-
ted by low kidney fat index (KFK40) and/or reduced femur marrow fat (FMF<80). U U C greater than 0.25 were indi-
cative of undernourished animals with depleted fat reserves. S U N and U N - M H C showed no clear relationship with fat 
reserves. The mean estimated daily urea-N excretion for adult female caribou in late winter was extremely low 
(0.11+0.01SE g urea-N/day, n=76, range=0.011-0.510). The results of my study suggest that U U C can be used to 
detect nutritionally stressed caribou with depleted fat reserves on lichen winter ranges. 
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Introduction 
Physical condition and nutritional status are impor-
tant parameters in assessing the demography of cari-
bou (Rangifer tarandus) populations (Messier et al, 
1988; Couturier et al, 1990). Body size and the 
level o f fat reserves have been shown to affect pro-
ductivity and recruitment through effects on fecun-
dity and neonatal calf survival (Dauphine, 1976; 
Thomas, 1982; Reimers, 1983; Whi te , 1983; Crete 
et al., 1993). Historically, indices of condition have 
been taken from direct carcass measurements. Body 
measurements, tissue weights, and standard fat mea-
surements were identified as useful indicators of 
physical condition (Adamczewski et al., 1987a; 
Huot , 1988; Al laye-Chan, 1991). A l l of these mea-
surements required either ki l l ing or at least handling 
the animals. The nutritional status of animals has 
often been inferred from condition analyses given 
that undernutrition w i l l result in depletion of body 
reserves. Unfortunately, condition indicies provide 
little information about current nutritional status. 
Recently, several researchers have focused on 
the use of urinary urea nitrogen to creatinine ratios 
( U U C ) to investigate nutritional status and indirect-
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ly assess condition in w i l d ungulates (DelGiudice & 
Seal, 1988; DelGiudice et al, 1989; 1991a; 1991b; 
C o o l , 1992). Collect ion and analysis of urine from 
snow avoids stress due to capture or harvesting ani-
mals, w h i c h is of particular importance i n the assess-
ment of l o w density or endangered populations. 
Elevated U U C have been documented in under-
nourished white-tailed deer (Odocoileus virginianus) 
(DelGiudice et al, 1987; DelGiudice & Seal, 1988), 
moose (Alces alces) (Cool , 1992), and wapiti (Cervus 
elaphus) (DelGiudice et al, 1991a; DelGiudice et al, 
1991b). The management value of U U C was 
demonstrated by DelGiudice & Seal (1988) who 
were able to classify white-tailed deer into three 
categories: early undernutrition, prolonged-reversi-
ble undernutrition and prolonged-irreversible 
undernutrition. 
The use of U U C as an indicator of nutritional 
status depends on the increased excretion of urea 
nitrogen (urea-N) i n response to accelerated cata-
bolism of endogenous proteins. Catabolism of fat 
and protein reserves is typical of over wintering 
northern ungulates when energy intake is l imited. 
In most cases of undernutrition, fat reserves are 
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mobilized preferentially and the rate of endogenous 
protein catabolism increases as fat reserves become 
depleted (Torbit et ah, 1985; DelGiudice et ah, 
1987). In some situations, particularly w i t h reindeer 
and caribou consuming l o w protein lichen diets, 
nitrogen intake can be l imiting despite ample diges-
tible energy (Steen, 1968; Nieminen & Heiskari, 
1989). Steen (1968) suggested that reindeer on a 
lichen diet must catabolize endogenous protein to 
provide a supply of amino acids for protein synthesis 
and nitrogen for rumen microbes, even when ener-
gy intake allows them to accumulate fat. 
Although U U C have been used to classify nutri -
tional status and to indirectly assess body compositi-
on, only one study has been conducted to determine 
i f changes i n U U C reflect body composition. In 
black-tailed deer (O. hemionus sitkensis), U U C did 
not consistently reflect individual animal body c o m -
position (Parker et ah, 1993). The primary objective 
of my study was to determine i f urine and serum 
nutritional indices reflected body composition in 
caribou in the spring. Specifically, two urinary i n d i -
ces, U U C and urinary N'-methylhistidine ( N ' - M H ) 
to creatinine ratios ( U N ' - M H C ) , and two serum 
indices, serum urea-N concentrations (SUN) and 
serum N ' - M H concentrations ( S N ' - M H ) , were 
compared to proportions of fat and muscle in harve-
sted caribou. U N ' - M H C and S N ' - M H were inc lu-
ded in the analysis because N ' - M H excretion has 
been shown to be an indicator of endogenous m y o -
fibrillar protein degradation in some species (Harris 
& M i l n e , 1981; L o n g et ah, 1988). S U N was evalua-
ted because DelGiudice & Seal (1988) found eleva-
ted S U N in malnourished deer. 
The methodology of my study also permitted an 
evaluation of nitrogen conservation in over winte-
ring caribou. Caribou consuming a mainly lichen 
diet wi th very low (<3%) crude protein (Scotter, 
1965; Scotter, 1967; Thomas & Hervieux, 1986) 
must minimize urinary nitrogen loss to conserve 
muscle mass. Urinary excretion of urea -N is typical-
ly the most significant source of urinary nitrogen loss 
(Dukes, 1947), therefore, nitrogen conservation was 
assessed by looking at urinary urea-N excretion. 
Methods 
Sampling protocol 
During late winter and spring in 1990, 1991 and 
1992 (February through May), 55 adult, 13 yearling 
and 6 calf caribou were collected from the Bathurst 
caribou herd winter range and 48 adult, 23 yearling 
and 4 calf caribou were collected from Southampton 
Island. The diet of Southampton Island and main-
land caribou consists mainly of lichen during this 
period (Ouellet, 1992; Thomas & Hervieux, 1986). 
Animals were shot by native hunters who were 
instructed on the sex of animals to harvest but to 
otherwise take animals at random. Immediately after 
death, a blood sample was taken by slicing through 
the carotid artery and jugular vein in the lower neck. 
A urine sample was collected direcdy as it drained 
from the animal or from the snow. The animals 
were then taken to a central location where fresh 
weights and carcass measurements were made. 
M a x i m u m depth of backfat was measured along an 
incision 45° forward from the base of the tail. 
Kidney fat index (KFI) was determined by dividing 
the weight of R i n e y fat by the weight of the kidney 
and multiplying by 100 (Riney, 1955). The femur 
and gastrocnemius muscle were collected and fro-
zen. Femur marrow fat (FMF) was determined using 
the dry weight method corrected for mineral con-
tent (Neiland 1970). Animals were classified as being 
in poor condition i f K F I was less than 30 or F M F 
was less than 50% (Thomas 1982). Gastrocnemius 
weight was determined after removal of the superfi-
cial digital flexor and tendons. B lood samples were 
centrifuged upon returning to camp and serum was 
retained. Samples were frozen at -10°C (urine and 
serum at -20°C) until analyzed in the laboratory. 
Indicator muscle, bone, and fat measurements 
were used to estimate the weight of muscle, bone 
and fat in each carcass using the equations determi-
ned for caribou by Adamczewski et ah (1987a). T o 
adjust for differences in frame size between animals 
of different ages, estimated muscle and fat weights 
were standardized to bone weights to give muscle to 
bone ratios ( M U S B O N E ) and fat to bone ratios 
( F A T B O N E ) . 
Chemical analyses 
Creatinine concentrations (mg/dl and llmol/ml) i n 
serum and urine were determined using a colorime-
tric method based on the JafFe reaction (Sigma 
Diagnostics, St. Louis M O ) . Urinary and serum con-
centrations of urea -N (mg/dl) were determined 
using a colorimetric urea assay kit based on the dia-
cetyl monoxime reaction (Sigma Diagnostics, St. 
Louis M O ) . Ur ine and serum samples were analyzed 
for N ' - M H (|J.mol/ml) using high performance 
l iquid chromatography ( H P L C ) (Scott et ah, 1993). 
Samples were deproteinized with 0.200 m l of 3 . 0 M 
H C 1 0 4 , centrifuged at 3000 rpm for 15 minutes, 
and analyzed using a Varian M o d e l 5500 Liquid 
Chromatograph wi th a Varian 2070 spectrofluoro-
meter detector and a Varian 9090 auto analyzer 
(Varian Canada, Calgary A B ) . Separations were 
done on a 15 cm x 4.6 m m 3 micron reverse phase 
column (Supelco Inc., Bellefonte P A ) . Standard 
quality control procedures were run on all analyses. 
Urinary creatinine excretion is strongly correla-
ted with muscle weight and is highly consistent w i t -
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hin species (Vestergaard & Leverett, 1958; Kertz et 
al, 1970; Chetal et al, 1975; Forbes & Bruining, 
1976). Therefore, creatinine coefficients from rein-
deer were used to estimate urea-N excretion from 
caribou based on the ratio of urea to creatinine in 
urine and body weight using the formula: 
T T L U R E A = ( ( C R E A T C O * W T ) / U C R E A T 
* U U R E A ) / 1 0 0 0 
where T T L U R E A = total daily urea-N excretion 
(g), C R E A T C O = creatinine coefficient (16.16 
mg/kg/day) determined from lean adult female 
reindeer (Case, unpublished data), W T = body 
weight (kg), U C R E A T = urine creatinine concen-
tration (mg/dl) and U U R E A = urine urea-N con-
centration (mg/dl). 
Statistical analyses 
Differences between variable means for sex and 
location were analyzed using least squares analysis o f 
variance ( P R O C G L M ) (SAS, 1988). 
Results 
N o n e of the animals harvested on Southampton 
Island were classified as being in poor condition 
based on K F I or F M F . In contrast, 39% (34 of 87) 
of the Bathurst caribou harvested had a K F I less 
than 30 and 6% (4 of 70) had a F M F less than 50%. 
These differences in fat reserves are reflected in the 
significant (P<0.0001) differences in F A T B O N E 
ratios observed for both males and females (Fig. 1). 
Bathurst caribou had significantly (P<0.05) larger 
M U S B O N E ratios indicating a larger muscle mass. 
Fig. 1. Herd and sex differences in 
urine urea-Nxreatinine, 
urine N*-MH:creatmine, 
serum urea-N, serum N ' -
M H , muscle:bone (MUS-
B O N E ) and fat:bone (FAT-
B O N E ) in caribou harve-
sted during late winter 
(meaniSE). (*P<0.05, 
**P<0.001, ***P<0.0001). 
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H e r d difFerences in fatness were reflected in 
U U C for female caribou; Bathurst females excreted 
significantly more urea-N than Southampton Island 
females (Fig. 1). Although the differences were not 
significant, S U N showed a trend towards being 
lower in Bathurst female caribou. U N ' - M H C and 
S N ' - M H were similar for Bathurst and 
Southampton Island females and Bathurst males. 
Southampton Island males had higher U N ' - M H C 
and serum N ' - M H concentrations although the dif-
ferences were not significant (P>0.05). Six of the 
males on Southampton Island had serum N ' - M H 
concentrations in excess of 100 nmol/ml. 
U U C , S U N and U N ' - M H C were plotted 
against K F I and F M F to investigate relationships 
between the biochemical indicators and body con-
dition (Fig. 2). Elevated U U C were only observed 
w i t h depleted fat reserves while S U N and U N ' -
M H C showed no clear relationship wi th either K F I 
or F M F . 
The mean estimated daily u r e a - N excretion for 
adult caribou from both study areas in late 
winter/spring was 0.11 ±0 .01 SE g (n=76 
range=0.011-0.510). Adult female caribou on the 
Bathurst range w i t h U U C less than 0.25 excreted 
slightly more u r e a - N (0.14±0.02 g/day) than the 
average estimate; caribou w i t h U U C greater than 
0.25 excreted even more (0 .38±0.08 g/day). 
Discussion 
Herd comparisons 
The lower fat reserves i n Bathurst caribou, as i n d i -
cated by F A T B O N E ratios, may reflect a number of 
ecological differences between the two herds. 
Southampton Island caribou typically have higher 
fat reserves i n the fall than the mainland herds 
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(Ouellet, 1992). Bathurst caribou could also be 
expected to have higher over winter nutritional 
demands resulting from migration to winter ranges 
and predator avoidance because Southampton 
Island caribou do not migrate and have no preda-
tors. Forage quality and availability could also be 
important, however, no comparative range or snow 
pack studies have been conducted. 
The elevated U U C observed i n female Bathurst 
caribou are consistent w i t h undernourished animals 
and suggest that some of the animals were either 
catabolizing protein or eating a higher protein fora-
ge (DelGiudice & Seal, 1988). The first explanation 
is the more likely one, because the study area was 
still 100% snow covered and no new high protein 
vegetation was available. DelGiudice & Seal (1988) 
also observed elevated S U N in extremely under-
nourished animals, w h i c h were not encountered in 
this study. The lack of elevated U U C i n Bathurst 
males w o u l d suggest that these animals were not 
experiencing undernutrition; possibly because they 
have no gestational demands. However , the sample 
size was small because it was difficult to collect ur i -
ne from harvested males. 
The elevated serum N ' - M H concentrations and 
U N ' - M H C in Southampton Island males relative to 
Bathurst males suggests there is a difference between 
the two herds. Increased excretion of N ' - M H has 
been associated wi th either starvation or growth in 
rats and cattle (Nishizawa et al, 1977; Wassner et 
al, 1977; Jones et al, 1990). Fat levels w o u l d sug-
gest that the animals were not experiencing pro-
longed undernutrition however, animals could have 
been experiencing short-term undernutrition at the 
time of collection. G r o w t h also cannot be ruled 
out. Ouellet (1992) observed that males on 
Southampton Island grew through the winter. 
Biochemical indicators of body composition 
Plotting U U C from adult female Bathurst caribou 
i n the spring versus K F I and F M F indicates that 
caribou w i t h U U C greater than 0.25 had depleted 
body reserves (Fig. 2). A l l of the caribou wi th U U C 
greater than 0.25 had K F I less than 40 and all but 2 
w o u l d have been classified as i n poor condition 
using Thomas' (1982) criteria of K F I less than 30. 
The two animals w i t h the lowest F M F also had the 
highest U U C . 
DelGiudice & Seal (1988) classified white-tailed 
deer w i t h U U C below 4.0 as i n early undernutriti-
on, U U C between 4 and 23 as in prolonged-rever-
sible undernutrition and U U C over 23 as indicative 
of prolonged-irreversible undernutrition. As all the 
U U C values from the harvested caribou in my stu-
dy were below 1, DelGiudice & Seal's (1988) classi-
fication w o u l d suggest that no animals were under-
nourished. This discrepancy highlights the need for 
caution in extrapolating between species. 
It should be noted that although all caribou w i t h 
U U C greater than 0.25 had depleted fat reserves, 
not all caribou w i t h l o w K F I and l o w F M F had 
high U U C . A similar pattern was observed in Sitka 
black-tailed deer where U U C was compared w i t h 
fat reserves determined using tritiated water (Parker 
et al., 1993). The reason for this is because K F I and 
F M F depend on past nutrition while U U C reflects 
current nutrition (DelGiudice et al, 1990). It is pos-
sible that caribou wi th l o w fat reserves could still be 
obtaining sufficient energy i n the diet. This w o u l d 
result in l o w U U C even though they w o u l d be 
classified as being i n poor condition based on their 
fat reserves. 
The only other study that compared U U C to fat 
levels was l imited to analysis of winter kil led wapiti 
(DelGiudice et al, 1991a). The animals had U U C 
i n excess o f 70 and F M F <10%. N o n e of the 
Bathurst caribou had reached this state and their 
undernutrition was likely reversible. 
DelGiudice & Seal (1988) also suggested that 
S U N could be used to classify the phases of under-
nutrition w i t h S U N <20 mg/dl indicating early 
undernutrition, S U N from 20 to 40 mg/dl indica-
ting prolonged-reversible undernutrition, and S U N 
over 40 mg/dl indicating prolonged-irreversible 
undernutrition. In my study, S U N did not corres-
pond as wel l as U U C to fat levels, although the 
only animal w i t h elevated S U N also had a high 
U U C and a l o w K F I . 
Although U N ' - M H C showed no clear relati-
onship wi th either K F I or F M F , it remains possible 
that in later stages of malnutrition excretion of N ' -
M H w o u l d increase, as has been observed in 
starving rats (Wassner et al, 1977). However , once 
animals are severely malnourished monitoring N ' -
M H w o u l d have no advantages over U U C or visual 
classification of condition, and w o u l d be more 
expensive. 
Nitrogen conservation in over wintering caribou 
U r e a - N excretion is best evaluated based on dietary 
nitrogen intake. The late winter diet of Bathurst 
caribou is primarily terrestrial lichen (Thomas & 
Hervieux, 1986) with a nitrogen content of approxi-
mately 4 g/kg (Scotter, 1965). Assuming an apparent 
digestibility of 75% (Thomas & Kroeger, 1980) 
lichens would provide approximately 3 g N / k g . 
Therefore, the mean daily urinary loss of urea-N 
observed in animals with U U C greater than 0.25 
(0.38 g/day) could be made up by ingesting 125 g of 
lichen. 
The low excretion of urea-N in w i l d caribou, 
even in those wi th elevated U U C , is evident when 
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contrasted with adult female reindeer which excreted 
an average of 7.9 g urea-N/day (n=3) on a low pro-
tein (7.9% Crude Protein [CP]) pelleted diet, and 
reindeer which excreted an average of 26.6 g urea-
N/day on a high protein diet (18.8% CP) (Case, 
unpublished data). Cattle on a 12% C P diet excreted 
>28 g urea-N/day but were able to reduce this to 
less than 2.5 g urea-N/day when fed a 4% C P diet 
and deprived of water (Livingston et al, 1962). 
Captive caribou fed a simulated winter diet excreted 
an average of 18.0 g urea-N/day (Wales et al, 1975). 
Hove & Jacobsen (1975) reported reindeer main-
tained on a lichen diet reabsorbed an average of 93% 
of urea filtered at the glomerulus. Calculations from 
their figures indicated that the animals were excre-
ting an average of 0.091 g urea-N/day, which is wi t -
hin the range observed in wi ld caribou. It is likely, 
therefore, that the caribou from the Bathurst and 
Southampton Island herds were also reabsorbing 
>90% of filtered urea. 
The only other large ungulate for which compa-
rable abilities to reduce nitrogen loss in urine has 
been documented is the camel. Schmidt-Nielsen et 
al (1957) reported that a camel grazed in the sandy 
desert for 4 weeks then maintained on a low N diet 
of dates and hay for an additional 17 days with no 
access to water reduced urea-N excretion to less than 
0.3 g/day. Wapit i and white-tailed deer, which have 
a well documented ability to recycle a large proporti-
on of urea into the rumen, still excreted in excess of 
1.9 g urea-N/day when feed very low protein diets 
(Robbins et al, 1974; M o u l d & Robbins, 1981). 
Conclusion 
The results of my study suggests that U U C can be 
used to monitor the nutritional status of free rang-
ing caribou on lichen winter ranges and that analysis 
o f urine in snow can be used to conduct physiologi-
cal assessments caribou, as has been demonstrated in 
deer (DelGiudice et al, 1989) and wapiti 
(DelGiudice et al, 1991c). The observation that 
U U C did not increase above 0.25 until fat reserves 
were being depleted (KFI<40) suggests that this 
value could be used to distinguish individual cari-
bou w h i c h have both experienced prolonged 
undernutrition in late winter/spring and remain 
undernourished. U U C w i l l not detect animals in 
poor condition which are wel l nourished, nor w i l l 
they detect animals in good condition which have 
only recently experienced undernutrition. This, 
however, is not a problem as animals in either of 
these situations are not at immediate risk of starvati-
on or reduced productivity. 
Further data are needed from caribou in very 
poor condition to determine the U U C values for 
animals wi th severe or prolonged undernutrition. 
None of the animals collected during my study 
w o u l d have been expected to die of malnutrition. It 
would be expected that U U C w o u l d continue to 
increase as the severity and period of undernutrition 
increased. Data are also needed from caribou p o p u -
lations w h i c h are not consuming predominantly 
lichen diets during winter. 
The ability of caribou to reduce u r e a - N loss in 
urine may be a function of reduced water flux rate 
in winter (Cameron & Luick, 1972). The effect is 
that a larger proportion o f urea -N remains available 
for recycling into the rumen. Further investigation 
is needed to assess the relative and combined benefit 
of reduced urea-N loss and increased urea recycling 
i n caribou. 
Acknowledgements 
I thank M . Bradley, S. Bullock, B. Elkin, D . Heard, F. 
Jackson, R . Mulders, J. Nakoolak, &J.P. Ouellet for their 
assistance with the caribou collections on Southampton 
Island and L. Buckland, S. Bullock, B. Croft, B. Elkin, F. 
Jackson, M . Sangris, & M . Williams for their assistance 
with the Bathurst collections. Thanks also to the labora-
tory staff in the Department of Animal Science, 
University of Alberta and C. Case for their assistance with 
sample analysis. Two anonymous reviewers provided 
comments and suggestions which greatly improved this 
manuscript. 
Financial support was received from the Department of 
Renewable Resources, Government of the Northwest 
Territories, the Alberta Recreation, Parks and Wildlife 
Foundation, and the Department of Animal Science, 
Faculty of Agriculture and Forestry, University of 
Alberta. 
References 
Adamczewski, J .Z. , Gates, C .C . & Hudson, R.J. 
1987a. Fat distribution and indices of carcass compo-
sition in Coats Island caribou (Rangifer tarandus groen-
landicus). - Can. J. Zool. 65: 368-374. 
Allaye-Chan, A . C . 1991. Physiological and ecological deter-
minants of nutrient partitioning in caribou and reindeer. 
PhD thesis. University of Alaska Fairbanks, Alaska. 
135pp. 
Chetal, U . , Mehra, U.R, Nath, K. & Ranjan, S.K. 
1975. O n the variation of urinary creatinine in buffa-
lo calves and the effect of dietary protein intake on 
urinary creatinine, creatinine-nitrogen and creatinine 
coefficient. -J. Agric. Sci. Camb. 84: 1-5. 
Cameron, R . D . & Luick, J.R. 1972. Seasonal changes 
in total water, extracellular fluid, and blood volume 
in grazing reindeer. - Can. J. Zool. 50:107-116. 
Cool, N . 1992. Physiological indices of condition in wapiti 
and moose. MS thesis. University of Alberta, 
Edmonton, Alberta. 58pp. 
Couturier, S., Brunelle, J., Denis, V . & St-Martin, 
G. 1990. Changes in the population dynamics of the 
George River caribou herd, 1976-87. - Arctic 43(1): 
9-20. 
206 Rangifer, Special Issue N o . 9, 1996 
Crête, M . , Huot J., Nault R. & Patenaude R. 1993. 
Reproduction, growth and body composition of 
Rivière George caribou in captivity. - Arctic 46(3): 
189-196. 
Dauphiné, T . C . Jr. 1976. Biology of the Kaminuriak 
population of barren-ground caribou, Part 4: Growth, repro-
duction and energy reserves. Canadian Wildlife Service 
Report. No . 38. 71pp. 
DelGiudice, G .D. , Mech, L . D . , Seal, U.S. & Karns, 
P.D. 1987. Effects of winter fasting and refeeding on 
white-tailed deer blood profiles. - J. Wild!. Manage. 
51(4): 865-873. 
DelGiudice, G . D . & Seal, U.S. 1988. Classifying win-
ter undernutrition in deer via serum and urinary urea 
nitrogen. - Wildl. Soc. Bull. 16: 27-32. 
DelGiudice, G . D . , Mech, L . D . & Seal, U.S. 1989. 
Physiological assessment of deer populations by analy-
sis of urine in snow. - J. Wildl. Manage. 53(2): 284¬
291. 
DelGiudice, G .D. , Mech, L . D . & Seal, U.S. 1990. 
Effects of winter undernutrition on body composition 
and physiological profiles of white-tailed deer. - f. 
Wildl. Manage. 54(4): 539-550. 
DelGiudice, G .D. , Seal, U.S. & Mech, L . D . 1991a. 
Indicators of severe undernutrition in urine of free 
ranging elk during winter. - Wildl. Soc. Bull. 19: 106¬
110. 
DelGiudice, G .D. , Peterson, R . O . & Seal, U.S. 
1991b. Differences in urinary chemistry profiles of 
moose on Isle Royale during winter. - J. Wildl. 
Disease. 27(3): 407-416. 
DelGiudice, G . D . , Singer, F.J. & Seal, U.S. 1991c. 
Physiological assessment of nutritional deprivation in 
elk of Yellowstone National Park. - J. Wildl. Manage. 
55(4): 653-664. 
Dukes, H . H . 1947. The physiology of domestic animals. 6th 
ed. Comstock Pub., Ithaca, New York. 
Forbes, G.B. & Bruining, G.J. 1976. Urinary creatini-
ne excretion and lean body mass. - Am. J. Clin. Nutr. 
29: 1359-1366. 
Harris, C.I. & Milne, G. 1981. The urinary excretion 
of N'-methyl histidine by cattle: validation as an 
index of muscle protein breakdown. - Br. J. Nutr. 45: 
411-422. 
Hove, K. & Jacobsen, E. 1975. Renal excretion of 
urea in reindeer. - Acta Vet. Scand. 16: 513-519. 
Huot, J. 1988. Review of methods for evaluating the physical 
condition of wild ungulates in northern environments. 
Centre d'études nordiques, Université Laval, Québec, 
N o . 50. 
Jones, S.J., Starkey, D.L . , Calkins, C.R. & Crouse, 
J .D. 1990. Myofibrillar protein turnover in feed-
restricted and realimented beef cattle. - J. Anim. Sci. 
68: 2707-2715. 
Kertz, A.F. , Prewitt L.R., Lane A . G . & Cambell 
J.R. 1970. Effect of dietary protein intake on creati-
nine excretion and the creatinine-nitrogen ratio in 
bovine urine. - J. Anim. Sci. 30: 278-282. 
Livingston, H . G . , Payne W.J.A. & Friend M . T . 
1962. Urea excretion in ruminants. - Nature 
194:1057-1058. 
Long, C L . , Dillard, D.R. , Bodzin, J .H. & 
Blakemore, W.S. 1988. Validity of 3-methylhistidi-
ne excretion as an indicator of skeletal muscle protein 
breakdown in humans. - Metabolism 37(9): 844-849. 
Messier, F., Huot, J., Le HenafF, D. & Luttich, S. 
1988. Demography of the George River caribou 
herd: Evidence of population regulation by forage 
exploitation and range expansion. - Arctic 41(4): 279¬
287. 
Neiland, K .A. 1970. Weight of dry marrow as an indi-
cator of fat in caribou femurs. - J. Wildl. Manage. 
34(4): 904-907. 
Nieminen, M . & Heiskari, U . 1989. Diets of freely 
grazing and captive reindeer during summer and win-
ter. - Rangifer9: 17-34. 
Nieminen, M . & Laitinen, M . 1986. Bone marrow 
and kidney fat as indicators of condition in reindeer. -
Rangifer Special Issue N o . 1: 219-226. 
Nishizawa, N . , Shimbo, M . , Hareyama, S. & 
Funabiki, R. 1977. Fractional catabolic rates of 
myosin and actin estimated by urinary excretion of 
NT-methylhistidine: the effect of dietary protein 
level on catabolic rates under conditions of restricted 
food intake. - Br. J. Nutr. 37: 345-353. 
Ouellet, J.P. 1992. Ecology of an introduced caribou popula-
tion on Southampton Island, N.W.T., Canada. PhD 
thesis. University of Alberta, Edmonton, Alberta. 
123pp. 
Parker, K.L. , DelGiudice, G.D. & Gillingham, 
M.P. 1993. Do urinary urea nitrogen and Cortisol 
ratios of creatinine reflect body-fat reserves in black-
tailed deer? - Can. J. Zool. 71: 1841-1848. 
Reimers, E .T . 1983. Reproduction in wild reindeer in 
Norway. - Can. J. Zool. 61: 211-217. 
Riney, T . 1955. Evaluating condition of free-ranging 
red deer (Cervus elaphus) with special reference to 
New Zealand. - N.Z.J. Sci. Techn. 36: 429-463. 
SAS Institute Inc. 1988. SAS/STAT User's guide. 
Release 6.03. Cary, N . C . 
Schmidt-Nielsen, B., Schmidt-Nielsen, K., Houpt, 
T.R. & Jarnum, S.A. 1957. Urea excretion in the 
camel. - Am. J. Physiol. 188(3): 477-484. 
Scott, S., Christopherson, R. J., Thompson, J. R. 
& Baracos. 1993 The effect of a cold environment 
on protein and energy metabolism in calves. - Br. J. 
Nutr. 69: 127-139. 
Scotter, G.W. 1965. Chemical composition of forage 
lichens from northern Saskatchewan as related to use 
by barren-ground caribou. - Can. J. Plant Sci. 45: 
246-250. 
Scotter, G.W. 1967. The winter diet of barren-ground 
caribou in northern Canada. - Can. Field Nat. 81: 33¬
39. 
Steen, E. 1968. Some aspects of nutrition of semi-
domesticated reindeer. - In: Comparative nutrition of 
wild animals. (Ed.). M . A . Crauford. Academic Press., 
London-New York, pp 117-128. 
Thomas, D . C . 1982. The relationship between fertility 
and fat reserves of Peary caribou. - Can. J. Zool. 60: 
597-602. 
Thomas, D . C . & Hervieux, D.P. 1986. The late win-
ter diets of barren-ground caribou in North-Central 
Canada. - Rangifer Special Issue N o . 1: 305-310. 
Rangifer, Special Issue N o . 9, 1996 207 
Thomas, D . C . & Kroeger, P. 1980. In vitro digestibi-
lities of plants in rumen fluids of Peary caribou. -
Arctic 33(4): 757-767. 
Torbit, S.C., Carpenter, L . H . , Swift, D . M . & 
Alldredge, A.W. 1985. Differential loss of fat and 
protein by mule deer during winter. - J. Wildl. 
Manage. 49(1): 80-85. 
Vestergaard, P. & Leverett, R. 1958. Constancy of 
urinary creatinine excretion. - J. Lab. Clin. Med. 
51(2): 211-218. 
Wales, R.A. , Milligan, L.P. & McEwan, E . H . 1975. 
Urea recycling in caribou, cattle and sheep. -
Biological Papers of University of Alaska. Special Report 
No.l: 297-307. 
Wassner, S.J., OrlofT, S. & Holliday, M . 1977. 
Protein degradation in muscle: response to feeding 
and fasting in growing rats. - Am. J. Physiol. 233(2): 
E119-E123. 
White, R . G . 1983. Foraging patterns and their multipli-
er effects on productivity of northern ungulates. -
Oikos 40: 377-384. 
208 Rangifer, Special Issue N o . 9, 1996 
